ABSTRACT This paper develops a new method for the calculation of low speed characteristic of compressor. Considering of the compressibility of the air, the low speed index of pump machinery similarity theory is improved. A new index calculation method is proposed, and the correction factor is added in the modified theoretical formula to increase the calculation accuracy of the compressor characteristics. Genetic algorithm is adopted to realize the optimization of the calculation to obtain the best value of the correction factor. It does not need to consider the structure and thermodynamic parameters of the compressor, and calculates the low speed characteristics of the compressor based on the existing characteristic curves. The calculation results show that the characteristic curves solved by the method are reasonable in changing trends.
I. INTRODUCTION
The gas turbine simulation model based on component characteristics is an effective method to simulate and analyze the dynamic performance of the gas turbine. The accuracy of this method is mainly affected by the characteristic data of gas turbine components [1] - [3] . Therefore, to obtain a more accurate gas turbine performance simulation model, accurate characteristics of the compressor and turbine components must be required. In particularly, the simulation of the starting process needs more detailed data of the component low-speed characteristics. Compressor is a multi-input multi-output nonlinear system [4] - [9] , for the characteristics of the compressor above the idling speed conditions, they are generally obtained by experiment, but the low-speed characteristics are difficult to obtain whether through experiment or numerical simulation. So expanding compressor characteristics according to some statistical rules(such as Neural Networks [10] , Least square method) by using known compressor characteristics is a more general method [11] - [13] .
In order to obtain the low-speed performance parameters of the compressor components, Agrawal and Yunis [14] and Kurzke [15] proposed to use the conservation equations of compressors as the basis and correct the Reynolds similarity criterion through the correction coefficients to obtain the compressor performance characteristics under similar conditions; Wayne et al. take into account the influence of the compressibility of air, and by using the similarity theory under incompressible conditions to change the index of similarity criteria, proposed a new exponential mathematical model for predicting the low speed characteristics of compressor components. The above method directly uses Renault similarity criterion to extrapolate the characteristic line under the non-designed speed, and uses the correction coefficient to correct the similarity criterion [16] , [17] . However, due to the compressibility of the working medium, the similar working conditions at different speeds deviate from the similar conditions of Renault, these extrapolation has obvious limitations in the calculation of compressible working fluids. Zachos et al. [18] proposed to calculate the compressor's lowrotation speed characteristics for compressors with known blade geometry through the stacking of step characteristics, this method has a high degree of dependence on test data. Ghorbanian and Gholamrezaei [19] and [20] used a variety of neural network methods to fit the compressor characteristic curve and the precision was high, however, this method is more suitable for compressors with accurate and rich characteristic data.
In this paper, considering the influence of air compressibility, the genetic algorithm is introduced into the similarity theory, and a new calculation method of compressor characteristics is proposed: the exponent is calculated by using the flow pressure ratio between the predicted speed and the design rotational speed at the surge boundary point and the flow rate efficiency value of the best operating point. This calculation method can ensure the accuracy of the calculation results of the surge boundary point and the best operating point. At the same time, the correction coefficient is added to the improved theoretical formula to increase the calculation accuracy of the characteristic, and the optimal value of the correction coefficient is obtained by performing the optimization calculation by the genetic algorithm. This method is simple and universal, without knowing the geometry of the blade, and using genetic algorithm to optimize, compared with the traditional similarity theory, the calculation accuracy is more accurate.
II. THE TRADITIONAL SIMILARITY THEORY
For the pump turbomachinery, the similar theories of the low speed zone characteristics are as follows:
where m 1 , m 2 is the mass flow; n 1 , n 2 is the rotating speed; w 1 , w 2 is the specific power; W 1 , W 2 is the total power.
However, the traditional similarity theory considers the index in the formula as an immutable constant. For the compressor, although it has the general characteristics of the pump rotating machinery at low speed, due to the working medium is air, the compressibility of the gas must be taken into account when applying the pump machinery similarity theory.
III. THE IMPROVED SIMILARITY THEORY A. VARIABLE EXPONENTIAL SIMILARITY THEORY
Reference [1] and [2] proposed the variable exponential similarity theory for compressor based on the similarity theory, by changing the speed ratio index to reflect the impact of fluid compressibility on similarity theory.
This method reflects the compressibility of the fluid by changing the index value of the speed ratio so that the similarity theory has a certain degree of credibility. However, the determination of the index is still relatively complicated, and the structural geometry parameters and the thermodynamic parameters of the compressor need to be known in some cases.
B. NEW INDEX CALCULATION METHOD
Because the index calculation is relatively complicated, and the results calculated by the similarity theory have some errors at the surge boundary point and the optimal operation point. For making the calculation easy and better calculation accuracy of the surge point and the optimal operation point, this paper improved the original similarity theory, and a new index calculation method was proposed: the exponents x1, y, x2, z were calculated by using the flow-pressure ratio at the surge boundary point and the flow-efficiency at the optimum operating point of different rotating speed curves. The similar targets of all low speed lines in the similarity theory have chosen the same high rotational speed line. By this method, the accuracy of the calculation of the surge point and the optimal operation point is guaranteed.
where m π1 , m π2 is the mass flow of the surge points, w 1 , w 2 is the specific power, m η1 , m η2 is the mass flow of the optimal operation points, η 1 , η 2 is the efficiency. In the flow-pressure ratio graph, the calculation results of the surge boundary point are the same as the original data. As the flow rate gradually increases, the corresponding pressure ratio error at the same flow rate becomes larger. In the flow-efficiency graph, the calculation results of the optimal operation point are the same as the original data. The maximum efficiency point corresponds to the flow rate as the cut-off point, and the efficiency error on both sides also gradually increases.
C. CORRECTION FACTOR
In order to reduce the error generated by the above calculation method, the equation (7) and (9) are modified.
where m π1 , m π2 is the mass flow, m η1 , m η2 is the mass flow of the optimal operation points, m s2 is the mass flow of the VOLUME 6, 2018 appropriate k1, k2 can be moderate to reduce the pressure ratio and efficiency error resulting from the change of flow rate.
D. OPTIMIZATION BASED ON GENETIC ALGORITHM
Genetic algorithm is a kind of stochastic optimization search method that evolved from the evolution of biology. It is proposed by Professor J. Holland of the United States. Its main feature is the direct manipulation of structural objects, there is no limitation of derivation and continuity of functions, and it has the intrinsic implicit parallelism and better global optimization ability. Using the probabilistic optimization method, the search space can be automatically acquired and guided, and the search direction can be adaptively adjusted without any definite rules. Based on the genetic algorithm optimization calculation, for the fitness function, it can achieve faster convergence calculation, the optimization results are more reasonable, and the robustness is better [21] - [24] .
E. THE OPTIMAL CALCULATION OF THE CORRECTION FACTOR
The low speed characteristic curves are calculated by using the design rotational speed characteristic data. The deviation of the calculated low rotational speed characteristic and the actual characteristic is taken as the objective function, and k1 and k2 are optimally calculated by the genetic algorithm. The optimization results are as follows: It can be seen from the Fig.4 that the coefficients k1 and k2 are basically linear with the speed n and increase with the decrease of n, which agrees with the conclusion of the similarity theory that the lower the rotation speed and the higher the similarity. And the results of optimization show that genetic algorithm has higher accuracy in optimization calculation.
F. CALCULATION OF LOW SPEED CHARACTERISTICS
After calculating the law of the coefficients k1, k2, as long as the surge point parameters and the optimal operating point parameters of a certain rotational speed are known, the characteristics under the rotational speed can be obtained through the characteristic data of the designed rotational speed.
The surge point and the optimal operating point parameters can be got as follows:
According to the known surge boundary points and the optimal operating points, using Matlab fitting tool to fit the curve, according to the fitted curve, the corresponding surge boundary point and the optimal operation point at low rotation speed can be obtained. VOLUME 6, 2018 
IV. RESULTS
According to the parameters corresponding to the surge boundary point and the optimal operation point, the similarity theory index at low rotation speed can be calculated, and the low speed characteristic curves of the compressor can be obtained according to the fitting curve of k values.
Comparing the calculated characteristic line data with the known characteristic line data at 0.5 and 0.6 relative speed, the error of the flow-pressure ratio line at 0.6 relative speed is 2.18%, and the error of the flow-efficiency line is 1.0%. At 0.5 relative speed, the error of flow-pressure ratio line is 1.99%, and the error of flow-efficiency line is 2.09%. The error results show that this method has higher accuracy. And it can be seen from the Fig.6 that the tendency of the speed characteristic curve predicted by this method is reasonable.
V. CONCLUSION
In this paper, the similarity theory is improved, and the index of similarity theory is calculated according to the value of the surge boundary point and the optimal operation point. It introduces the correction coefficients to amend the similarity theory. The optimal values of the correction coefficient are solved by genetic algorithm and fitted to a polynomial about the rotation speed. After that, the parameters of the surge boundary point and the optimal operating point corresponding to the known rotation speed are fitted to the polynomial about the rotation speed. Finally, according to the solution of the index and the coefficient to calculate the low speed compressor characteristic line.
The following conclusions can be drawn: This method does not require the compressor geometry and thermodynamic parameters, it is through the surge point and the optimal operating point to calculate the compressor characteristic line. This method can ensure that the calculation results at the surge point and the optimal operation point are accurate.
The trend of the compressor characteristic line calculated by this method is reasonable, and this method can be extended to the calculation of turbine characteristic line.
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